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Introduction 


Many studies concerned about self-efficacy in science education. The 
studies have used, ranging from an elementary science student to university 
level. Some researchers have explored the significant influence of students’ 
conceptions of learning science on their science learning self-efficacy (e.g. 
Chiou & Liang, 2012; Lin, Liang &Tsai, 2015a; Lin, Liang & Tsai, 2015b; Tsai, Ho, 
Liang, & Lin, 2011). However, not at all concerned on the university student 
level of self-efficacy scale. In this level, some previous researchers studied 
about physics self-efficacy (e.g. Lin, Liang &Tsai, 2015a; Lindstrom & Sharma, 
2011; Sawtelle, Brewe, & Kramer, 2012), chemistry self-efficacy (Uzuntiryaki & 
Aydin, 2009), and biology self-efficacy (Lin et al/., 2015b). Self-efficacy ratings 
are not only informative to students, but also produce self-regulatory reac- 
tions, such as increasing studying to score better in the classroom (Zimmer- 
man, Bonner, & Kovach, 2006). There is a linear relationship between students’ 
self-efficacy and their performing in tasks. Consequently, in educational set- 
tings, students who hold strong self-efficacy beliefs in determining a given 
project and doing it successfully are likely to employ in the task, while fewer 
self-efficacious students were distinct to avoid it (Pintrich & Schunk, 2002). 
In addition, self-efficacy is a predictor of academic performance (Uzuntiryaki 
& Aydin, 2009). Students who have a high efficacy would perform better in 
their academic tasks than those with low efficacy. 

In the present research, the role of university students’ various concep- 
tions of learning in their academic self-efficacy in the domain of physics is 
initially explored. Specifically, the focus of the research is to identify univer- 
sity students’ conception of learning physics and to understand how these 
distinct conceptions relate to physics learning’ self-efficacy in Indonesia. In 
addition, the relation between each component of conception of learning 
and self-efficacy in the domain of physics is also examined. 
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Abstract. This research aimed to explore 
the correlation between Indonesian 
University students’ conception of learning 
physics and their physics’ self-efficacy. A 
total of 279 students who were majoring 

in physics education participated in this 
research and were invited to complete two 
instruments: the conception of learning 
physics (CLP) and the physics learning’ self- 
efficacy (PLSE). Both of the questionnaires, 
which were modified from [Lin, Liang, & 
Tsai (2015a) and Lin, Liang, & Tsai (20156)]’ 
instruments, had been translated into Indo- 
nesian language and validated through an 
exploratory factor analysis of participants’ 
responses. The differences between student 
levels were explored for their significance 
using an ANOVA test in order to portray 
aclear line among different conceptions 

of learning physics and physics learning 
self-efficacy. The results indicated that, first, 
the instruments used in the research had 
satisfactory validity and reliability. Second, 
students in sophomore level were signifi- 
cantly lower on the conceptions of testing 
than those in other levels. Meanwhile, the 
conceptions of calculating-practicing and 
understanding were not significantly dif- 
ferent. Third, university students in senior 
level performed more confident in four 
dimensions: science content, higher-order 
thinking, everyday application, and science 
communication than others. The research 
also depicted a moderate correlation 
among dimensions of CLP and PLSE. 
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Conception of Learning Physics 


Some of the empirical studies have been extended to explore students’ conceptions of learning science. Tsai 
(2004) classified seven conceptions of learning science, comprises memorizing, preparing for tests, calculating 
and practicing tutorial problems, increasing of knowledge, applying, understanding, and seeing in a new way. 
However, among these conceptions, only three conceptions are considerably important to when investigating 
Taiwanese students’ conceptions in physics (Lin et al., 2015a, Tsai, 2004). The authors argued that the situation has 
also happened in other Asian countries, including Indonesia. The first conception is understanding for promoting 
meaningful learning in physics among Indonesian university students. The process of understanding portrayed 
an active learning style and often reveals to great quality outcomes (Tran, 2013) and indicated that students with 
a conception of learning as understanding tend to improve learning strategies (Dart et a/., 2000). The second con- 
ception is calculating and practicing conception. Physics education, as well as learning activities often provides 
scientific knowledge, consists of equations, formulae, calculations, and the test patterns encompass the process 
of calculation and tutorial problem solving (Kim & Pak 2002; Thomas 2013). The third conception is the learning 
conception of testing. The testing conception is the most strongly influential factor related to the highly competi- 
tive examination system in Indonesia. 

The three conceptions of learning science (understanding, calculating-practicing, and testing) in-line with Lin 
et al. (2015a) who made a simple conception of learning science. The three conceptions can potentially be presumed 
as the key conceptions to consider when exploring students learning in physics. The researchers believe that inves- 
tigating these three fundamental conceptions may lead to different learning pattern structures (i.e., conceptions 
of learning physics). Therefore, one of the main aims of the current research was to gather the role of these three 
conceptions in order to identify Indonesian university students’ conception of learning specific to physics learning. 


Self-Efficacy 


Bandura (1986) stated that people perform tasks based on their own beliefs in specific situations, known as 
self-efficacy. Self-efficacy has been defined as “people's judgments of their capabilities to organize and execute 
courses of action required to attain designated types of performances” (Bandura, 1986). Self-efficacy is a key con- 
cept in Bandura’s social cognitive theory, which indicates that behavior is best understood in terms of a triadic 
reciprocal system: cognition, behavior, and environment. The notion of reciprocal determinism in social cognitive 
theory, means perceived ability to perform the task, behavior, performance, and environment setting (Chang, 
McKeachie, & Lin, 2010). 

Self-efficacy is a crucial construct for students to monitor their performance because it focuses attention on 
their beliefs about the effectiveness of their learning methods (Zimmerman et al., 2006). The goal of self-efficacy 
monitoring is to enhance students’ capability in predicting their learning accurately. Previously, Bandura (1997) 
noted that the measurement of self-efficacy required to be improved into a specific construct. Similarly, Pajares & 
Schunk (2001) pointed out self-efficacy is more like a domain-specific or task-dependent construct. 


Dimension of University Student Self-Efficacy 


Table 1 describes the dimensions (constructs) of university student self-efficacy in science by different studies. 
Uzuntiryaki & Aydin (2008) noted that university student self-efficacy consisted of four dimensions: self-efficacy 
for knowledge/ comprehension level skills, self-efficacy for higher-order skills, self-efficacy for psychomotor skills, 
and self-efficacy for everyday applications. Seven years later, Lin et al. (2015a; 2015b) added one dimension called 
science communication and used the term “practical work” as self-efficacy for psychomotor skills. Suprapto & 
Chang (2015) also underlined the importance for adding self-learning strategy and self-assessment belong to the 
dimension. The main reason is many researchers explored the relationships between university students and their 
cognitive and metacognitive strategy use and science achievement. In terms of metacognitive, university students 
have self-learning strategy and self-assessment. As Zohar & Barzilai (2013) noticed that the field of metacognition in 
science education is in a state of development and expansion and that metacognition is increasingly incorporated 
into research addressing the core aims of science instruction. 

The researchers underline the existence of scientific literacy as part of self-efficacy. This dimension is broken 
down from practical work. The skills relate to the experimental procedure (laboratory usage), which should be 
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separated from interpreting data and making a report (scientific literacy). Finally, the dimensions of university 
student self-efficacy consisted of six dimensions in this research: Science Content (SC), Higher-Order Thinking 
(HOT), Laboratory Usage (LU), Everyday Application (EA), Science Communication (SCM), and Scientific Literacy (SL). 


Table1. | Thedimensions of university student self-efficacy in science by different studies. 





Uzuntiryaki & Aydin Lin et al. Lin et al. Suprapto & Chang : 

(2009) (2015a) (2015b) (205) tistasparen 
Self-efficacy for knowledge/ Conceptual Understanding Conceptual Learning Conceptual Understand- Science Content (SC) 
comprehension level skills ing 
(SCS) 

Self-efficacy for higher-order Higher-order cognitive skills | Higher-order cognitive Higher-order thinking skills Higher-Order Thinking 
skills skills (HOT) 
Self-efficacy for psychomotor Practical work Practical work Practical work Laboratory Usage (LU) 
skills (SPS) ate tg 
Scientific Literacy (SL) 
Self-efficacy for everyday ap- Everyday application Everyday application Everyday application Everyday Application (EA) 
plications (SEA) 
Science communication Science communication Science communication Science Communication 
(SCM) 


Self- Learning Strategy 


Self-Assessment 


Research Aim 


The aim of this research was to explore Indonesian university students’ profiles in terms of their conception of 
learning physics and self-efficacy on learning physics. Given this position, the goals of this research were twofold: 
1. Toexplore the conception of learning physics (CLP) and the physics learning’ self-efficacy (PLSE) among 
different levels of students. 
2. To examine the interrelationships among dimensions of conception of learning physics (CLP) and 
physics learning’ self-efficacy (PLSE). 


Methodology of Research 


A quantitative survey was used in the research. The data gathered through research process to explore the 
comparison between Indonesian University students’ conceptions of learning physics and their physics’ self-efficacy. 
Starting from January to February 2015, the first author spread out the survey questionnaire to students in public 
universities, which have pre-service physics teachers (PSTs) program, in East Java province, Indonesia. Survey de- 
signs are procedures in quantitative research in which investigators administer a survey to a sample to describe 
the attitudes, the opinion, behaviors or characteristics of a population (Creswell, 2012). 


Participants 


As described in the introduction, the research focused on the fields of physics education. Originally, the first 
author spread out the questionnaire to 500 students from one university selected among three public universities, 
which have pre-service physics teachers program. All the three universities have similar levels and rank, therefore 
the participants were representative. The response rate in the research was 60% (302 students gave response). 
Among them, there were 279 university students (aged 18-23 years) who gave a complete response. In this research, 
the participants consisted mostly of female (43.4% male and 53% female). The number represented the ratio of 
students in a university who was dominated by females. In other words, the number illustrated the dominance of 
female in pre-service physics teacher in Indonesia. The sample varied of demographic factors, as shown in Table 2. 
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Table 2. Summary of sample demographics (N= 279). 











Subtotal 
Background 
n % 
Gender 
Male 121 43.4 
Female 148 53.0 
Missing 10 3.6 
Level 
Freshman 15 26.9 
Sophomore 70 25.1 
Junior 72 25.8 
Senior 52 18.6 
Others 10 3.6 
Missing 0 0 
School background 
Natural Sciences 273 97.8 
Social Sciences 1 A 
Linguistic 0 0 
Others 3 1.1 
Missing 2 il 
Total 279 100.0 


Instruments and Procedures 


Following guidelines by Lin et al. (2015a), the Conception of Learning Physics (CLP) and the Physics Learning 
Self-Efficacy (PLSE) questionnaires were developed. After getting permission to re-use and modify the instruments 
for research, the instruments were adapted and translated into Indonesian language. Originally, the instruments 
consisted of 20 items for CLP and 32 items for PLSE, which used English version. The two physics educators and 
one faculty member were then invited to review and to ensure the content validity of the CLP and the PLSE instru- 
ment in Indonesian version. The items of the two instruments were presented with bipolar strongly agree/strongly 
disagree statements in a five-point Likert mode. Accordingly, the participants achieving higher scores in a certain 
dimension expressed stronger agreement with the statements concerning the dimensions of CLP and PLSE. 

Turning to CLP, the instrument consisted of three essential conceptions of learning, including understand- 
ing, calculating and practicing, and testing. Regarding the PLSE, the questionnaire consisted of six dimensions, 
including Science Content (SC), Higher-Order Thinking (HOT), Laboratory Usage (LU), Everyday Application (EA), 
Science Communication (SCM), and Scientific Literacy (SL). The items were coded on a five-point-Likert scale. The 
higher scores indicated better learning profile and greater self-efficacy. By translating process into Indonesian 
and by checking the content validity, the instrument feasible for Indonesian students. Finally, the CLP and PLSE 
consisted of 20 items and 30 items, respectively. The CLP still divided into three conceptions above. Meanwhile, 
the PLSE composed of six dimensions. In other words, we made some revisions compared to Lin et al. (2015a). The 
dimension of practical work was disparted into laboratory usage and scientific literacy due to scientific literacy 
is a wider perspective with other sub-scales stated in the curriculum (Ozdem et al., 2010; Holbrook & Rannikmae, 
2007). The definition of each CLP and PLSE scales were efforted to accommodate the conception of learning phys- 
ics, physics-related terms, and content in order to assess the students’ physics learning self-efficacy. The detailed 
descriptions of the all dimensions are presented as follows: 
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Table 3. The dimensions of CLP and PLSE. 




















Dimension Description 
*Understanding (UN, 7 items) Measuring the university students’ conception that learning physics is to understand the 
comprehensive meaning of physics knowledge. 
Conception of Calculating & Practicing (CP, Assessing the university students’ conception that learning physics is viewed as a series of 
ay 6 items) calculating and practicing tutorial problems, and manipulating formulae and numbers. 
“Testing (TT, 7 items) Measuring the university students’ conception that learning physics is to achieve better 
performance on tests. 
*Science content (SC, 5 items) | Assessing the university students’ confidence in their ability to use fundamental cognitive 
skills such as physics concepts, laws, or theories. 
Higher-order thinking skills Assessing the university students’ confidence in their ability to utilize sophisticated cognitive 
(HOT, 5 items’) skills, including problem-solving, critical thinking, or scientific inquiry in the domain of physics. 
‘Laboratory usage (LU, 4 Measuring the university students’ confidence in their related capabilities to conduct physics 
Physics Learn- _ items’) experiments in laboratory activities. 
ing Self-Efficacy 
(PLSE) Everyday application (EA, 8 Measuring the university students’ confidence in their capability to apply physics concepts and 
items) skills in their daily life. 
Science communication (SCM, — Assessing the university students’ confidence in their ability to communicate or discuss 
5 items’) physics-related content with classroom peers or others. 
‘Scientific literacy (SL, 3 items’) | Assessing the university students’ confidence in their ability to analyze and interpret data and 


to report the result of laboratory activities. 





(Modified from Lin et al., 2015a; *, distinguishing in order of dimension; *, changing the name of the dimension; , new dimension; 
5, changing the number of items) 


Data Analysis 


Analysis of data used SPSS's software that consisted of analysis of validity, exploratory factor analysis, and 
analysis of reliability by using Cronbach's a. However, the scale was used belong to interval data so this situation 
fulfilled the Brace et al. (2006) who noticed that for using factor analysis at least the variables should be the ordinal 
level of measurement. In general, both of the questionnaires were adopted from the fix instrument which had been 
translated into Indonesian language and validated through an exploratory factor analysis of participants’ responses. 

According to the validation criteria of exploratory factor analysis suggested by Stevens (2002), the retained 
items should preferably be weighted greater than .4. In other words, the items with a factor loading of less than .4 
were deleted. Hereinafter, principal component extraction with a varimax rotation was conducted to estimate the 
number of factors proposed in this research, which contributed to the construct validity of each instrument (Supra- 
pto, 2016). Furthermore, the Cronbach’s alpha coefficient for each dimension of the CLP and PLSE instruments was 
calculated to ensure the reliability of each factor as well as the overall alpha coefficients of the two instruments. The 
information of validity and reliability for the scale is shown in Table 4 and Table 5. In addition, differences between 
student levels were also explored for their significance using an ANOVA test in order to portray a clear line among 
different conceptions of learning physics and physics learning self-efficacy in terms of student level. Subsequently, 
the Pearson product moment was used to measure the correlation among dimensions of conception of learning 
physics and the physics learning’ self-efficacy. 
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Table 4. The construct validities and reliabilities of the CLP questionnaire. 


Factor (conception of 





: : Item A % a 
learning physics) 
Understanding (UN) 1 Learning physics allows me to solve or explain unknown questions and 16 19.38 84 
phenomena. 
2 Learning physics means understanding physics-related knowledge. 66 
3 Learning physics means understanding the connection between physics 80 
concepts. 
4 Learning physics is to realize the true meanings of physics theories and 67 
formulae. 
5 Learning physics enables me to understand physics-related questions 67 
and phenomena that | did not know in the past. 
6 Learning physics can expand my knowledge and vision. 58 
7 Learning physics makes me comprehend more phenomena and knowl- Al! 
edge related to nature. 
Calculating and Practicing 8 Learning physics involves a series of calculations and problem-solving. 65 17.37 83 
(CP) 9 Learning physics means calculating and solving physics tutorial prob- AT 
lems constantly. 
10 — | think that learning calculation or problem-solving will help me improve 69 
my performance in physics courses. 
11. Learning physics means knowing how to use the correct formulae when fl 
solving problems. 
12 The way to learn physics well is to constantly practice calculations and 12 
problem-solving. 
13 There is a close relationship between learning physics, being good at 66 
calculations, and constant practice. 
Testing (TT) 14 Learning physics means getting high scores on examinations. 58 17.18 82 
15 — Learning physics is to answer examination questions correctly. 66 
16 If there are no tests, | will not learn physics. 66 
17 There are no benefits to learning physics other than getting high scores 61 
on examinations. In fact, | can get along well without knowing many 
physics facts. 
18 The major purpose of learning physics is to get more familiar with test 81 
materials. 
19 | learn physics so that | can do well on physics-related tests. 15 
20 There is a close relationship between learning physics and taking tests. 16 
Overall 53.93 79 


A, factor loading; a, reliability coefficient 
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Table 5. | Theconstruct validities and reliabilities of the PLSE questionnaire. 


(P. 7-19) 





Dimension Item A % a 
Science Content (SC) 1 | can explain physics laws and theories to others. 66 9.96 18 
2 | can choose an appropriate formula to solve a physics problem. AT 
3 I can link the contents among different physics concepts and establish 50 
the relationships between them. 
4 |know the definitions of basic physics concepts very well. 68 
5 | feel confident when | interpret graphs/charts related to physics. 67 
Higher-Order Thinking (HOT) 7 lam able to design physics experiment to verify my hypothesis. 55 9.26 68 
8 | amable to propose many viable solutions to solve a physics problem. 57 
9 When! come across a physics problem, | will actively think over it first 54 
and devise a strategy to solve it. 
10 | am able to make systematical observations and inquiry based on a 13 
specific physics concept or scientific phenomenon. 
11. When! am exploring a physics phenomenon, | am able to observe its 51 
changing process and think of possible reasons behind it. 
Laboratory Usage (LU) 12 | know how to carry out experimental procedures in the physics labora- M5 10.74 82 
tory. 
13 | know how to use equipment in the physics laboratory. 14 
15 | know how to set-up equipment of laboratory experiments. 14 
16 | know how to collect data during the physics laboratory. 62 
Everyday 19 | am able to explain everyday life by using physics theories. 65 10.52 18 
Application (EA) 20 | am able to propose solutions to everyday problems by using physics. 62 
21 | can understand the news/documentary | watched on television related 67 
to physics. 
22 — | canrecognize the careers related to physics. 48 
23 | am able to apply what | have learned in school physics to daily life. 67 
24 | am able to use scientific methods to solve physics problems in AG 
everyday life. 
25 | can understand and interpret social issues related to physics in a 42 
scientific manner. 
26 | am able to aware that a variety of phenomena in daily life involve phys- 51 
ics -related concepts. 
Science Communication (SCM) 27 | am able to comment on presentations made by my classmates in 13 8.57 18 
physics class. 
28 | amable to use what | have learned in physics classes to discuss with 2. 
others. 
29 | amable to clearly explain what | have learned to others. 12 
30 | feel comfortable to discuss physics content with my classmates. 65 
32 Inphysics classes, | can express my ideas properly. 44 
Scientific Literacy (SL) 14 — | can interpret data during the laboratory sessions. 56 7.03 15 
17 — | can write a laboratory report to summarize main findings. 65 
18 | amconfident that | could analyze a set of data from the physics 13 
laboratory. 
Overall 56.08 91 


A, factor loading; a, reliability coefficient 
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Results of Research 
Exploratory Factor Analysis of CLP and PLSE 


In conducting a factor analysis, the first set of factor loadings is obtained by using a method that permits 
convenient calculation of the loadings (Crocker & Algina, 1986). These sets of factor loadings are called initial or 
unrotated loadings. In this case, it was used the rotated loading to approximate simple structure. In other words, 
a varimax rotation was used to gain principal component extraction. For CLP instrument (Table 4), after extract- 
ing three factors, by conducting EFA (Exploratory Factor Analysis) with varimax rotation, checking eigenvalue and 
loading factor and following by analyzing of internal consistency of factor structure, 20 items were included. The 
Kaiser-Meyer- Olkin (KMO) value was .83 and the result of Bartlett’s test was significant (x? = 2138.64, df= 190, p< 
.001), indicating that the samples were appropriate for factor analysis. Table 4 also shows the construct validities 
and reliabilities of the physics learning profile questionnaire. The three factors accounted for 53.93% of the total 
variance. Factor loading of physics learning profiles designed to measure each factor was between .58 and .81, with 
Cronbach’s a coefficients for these factors were .84, .83, .82, respectively, and the overall alpha value was .79. It was 
suggesting that these factors had high internal consistency for assessing the university students’ three conceptions 
of learning physics and were suitable for further exploration of the university students’ physics learning profiles. 

For PLSE instrument, by following the same way with CLP instrument resulted the Kaiser-Meyer- Olkin (KMO) 
value was .87 and the result of Bartlett’s test was significant (vy? = 2833.18, df = 435, p < .001), indicating that the 
samples were appropriate for factor analysis. Table 5 shows the construct validities and reliabilities of the Physics 
Learning Self-Efficacy questionnaire. The six factors accounted for 56.08% of the total variance. Factor loading of 
the Physics Learning Self-Efficacy designed to measure each factor were between .42 and .77, with Cronbach's a 
coefficients for these factors were .78, .68, .82, .78, .78, .75, respectively, and the overall alpha value was .91. It was 
signifying that these factors had high internal consistency for assessing the university students’ six factor of self- 
efficacy, and were suitable for further exploration of the university students’ physics self-efficacy. Nevertheless, Item 
6 (lam able to critically evaluate the solutions of physics problems) and item 31 (In physics classes, | can clearly 
express my own opinions) were deleted because the items with a factor loading of less than .4. 


Conception of Learning Physics (CLP) among Different Levels 


Table 6 depicts the comparison of conception of learning physics among different levels in the university. 
Based on ANOVA test, only the conception of testing performed significantly different among university students 
at different levels. Therefore, from post hoc test (Scheffé test) indicated that university students who studied more 
than four years (others) (M=2.98, SD=.33) stated better in testing than others. In contrast, Sophomore level based 
on their scores on the conceptions of testing was significantly lower than the scores of the other levels (M=2.46, 
SD=.63). Meanwhile, the conception of understanding (UN) and calculating and practicing (CP) were not signifi- 
cantly different. 


Table 6. The comparisons of the Conception of Learning Physics among different levels in the university. 


iLayel Understanding- UN Calculating and Practicing- Testing-TT 
(mean, SD) CP (mean, SD) (mean, SD) 
Freshman (1) 3.70 (.56) 3.63(.57) 2.74(.64) 
Sophomore (2) 3.87 (.41) 3.53(.61) 2.46(.63) 
Junior (3) 3.88(.51) 3.42(.66) 2.54(.65) 
Senior (4) 3.93(.51) 3.62(.59) 2.77(.72) 
Others (5) 4.01(.33) 3.92(.42) 2.98(.33) 
Total 3.84(.50) 3.56(.61) 2.63(.66) 
F (ANOVA) 2.34 2.19 3.53* 
Post hoc test (Scheffé tests) - - 5>2, 
5>4>1>3>2 


“p<.05 
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Table7. |The comparisons of Physics Learning Self-Efficacy among different levels in university. 





Science Higher-Order Laboratory Everyday Science Scientific 
Level Content-SC Thinking- HOT Usage- LU Application- EA | Communication-SCM _Literacy-SL 
(mean, SD) (mean, SD) (mean, SD) (mean, SD) (mean, SD) (mean, SD) 
Freshman (1) 3.23(.43) 3.12(.38) 3.68(.56) 3.26(.37) 3.41(.44) 3.50(.57) 
Sophomore (2) 3.34(.57) 3.26(.46) 3.70(.49) 3.33(.49) 3.34(.49) 3.63(.50) 
Junior (3) 3.30(.47) 3.38(.47) 3.77(.58) 3.46(.41) 3.50(.53) 3.57(.56) 
Senior (4) 3.53(.51) 3.33(.59) 3.74(.59) 3.52(.44) 3.74(.52) 3.69(.65) 
Others (5) 3.36(.42) 3.46(.48) 4.00(.54) 3.48(.28) 3.94(.44) 3.77(.42) 
Total 3.34(.50) 3.28(.48) 3.73(.55) 3.38(.43) 3.50(.51) 
F (ANOVA) 2.962* 3.304* 873 3.951** 7.543*** 1.188 
Post hoc test 4>1, 3>1, - 4>1, 4>1>2, - 
(Scheffé tests) 4>5>2>3>1 5>3>4>2>1 4>5>3>1>1 5>1>2, 
5>4>3>2>1 


“p<0.05 “p<0.01 ™p<0.001 


The Physics Learning Self-Efficacy (PLSE) among Different Levels 


Table 7 illustrates the comparison of Physics Learning Self-Efficacy among different levels at university. Based 
on ANOVA test, it was found a significantly different among levels in terms of science content, higher-order think- 
ing, everyday application, and science communication. In contrast, it showed no significantly different among 
university students in different level in terms of laboratory usage and scientific literacy. Therefore, from post hoc test 
(Scheffé test) indicated that university students as pre-service teachers in senior level performed higher confident 
in science content, everyday application, and science communication. However, students who lived more than four 
years at university indicated higher confidence in higher-order thinking and science communication than others. 


The Correlation among Dimensions of CLP and PLSE 


Table 8 depicts the relationships among dimensions of conception of learning physics and physics learn- 
ing self-efficacy. In general, the correlation coefficients were significantly positive, ranging from .14 to .58 for all 
dimensions both CLP and PLSE, except the dimension of testing and other dimensions, (such as science content, 
science communication, laboratory usage, everyday application, and scientific literacy) were accounted a nega- 
tive correlation. The coefficient range was useful for moderate prediction based on the criteria of Creswell (2012). 
Specifically, the intra-relationship among dimensions of CLP indicated that there was a significant correlation be- 
tween dimension (calculating-practicing and understanding) and (calculating-practicing and testing). Conversely, 
there was a significant negative correlation between understanding and testing. Meanwhile, the intra-relationship 
among dimensions of PLSE showed that all of the dimensions had significantly correlation each other at a=.01. 
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Table 8. The correlation among dimensions of CLP and PLSE. 








Dimension 1 2 3 4 5 6 7 8 9 
1 Understanding (UN) - 
2 Calculating and Practicing (CP) 37" - 
3 Testing (TT) -15° 16" 
4 — Science Content (SC) 22" 06 -.02 - 
5 Science Communication (SCM) 38" AY -.01 38" 
6 — Higher-Order Thinking (HOT) 35" .09 02 52” 37" 
7 Laboratory Usage (LU) 34" 20" -15° 25" 33" 32" - 
8 Everyday Application (EA) 42” 18" -.09 AS” 44” sy ha 42” - 
9 — Scientific Literacy (SL) 36" 14 -.07 34" 37" 40” 58" 40” - 
“p<0.05 “p<0.01 
Discussion 


For conducting exploratory factor analysis, there are two essential points (Suprapto & Chang, 2015; Suprapto 
& Ku, 2016), including stability data and factor structure. First, for survey study, the most item parameter can be 
estimated by relative stability for samples of 200 participants, and so that it might consider the minimum number 
desired (Crocker & Algina, 1986). Second, several criteria for conducting data analysis in self-efficacy scale: a) ex- 
ploratory factor analysis was employed to attain the factor structures of the two adopted instruments based on the 
participants’ responses on the instruments; b) the condition for factor extraction was based on a combination of 
Kaiser's criterion of eigenvalue larger than 1 confirming the intended factor structure; c) the retained items should 
preferably be weighted greater than .4 as stated by Stevens (2002); and d) the factor should explain at least 50% 
of the variance among all extracted factors. 

Based on the results, the two instruments used in this research had satisfactory validity and reliability. The 
overall percentage of variance extracted (53.93% for CLP and 56.08% for PLSE) supported the assertion that all 
factors were deemed sufficient and conceptually valid in their correspondence to the existing theory. All items 
had pattern coefficients higher than .4, which was suggested to be satisfactory by Stevens (2002). After a careful 
investigation of the content of those items, some items listed above were deleted. The deleted item was consid- 
ered to be too general to assess self-efficacy as opposed to Bandura’s suggestion mentioned earlier. In Lin’s et al. 
(2015a) research, the overall percentage of variance accounted (65.74% for CLP and 65.60% for PLSE). However, 
the main difference between the two studies is the number of dimensions, especially on PLSE. The authors added 
“scientific literacy” and distinguished with “laboratory usage” in terms of “practical work" in Lin et al.'s (2005a) study. 

Regarding the result of ANOVA test, only the conception of testing (TT) performed significantly different (a = 
.05) among university students in different levels. University students who lived more than four years stated bet- 
ter in testing of physics than others as well as senior levels. In contrast, Sophomore levels on the conceptions of 
testing were significantly lower than the scores of the other level. After finishing general courses in their first year, 
they already focused on the physical and pedagogical content in the second year. Meanwhile, the conceptions 
of calculating and practicing (CP) and understanding (UN) were not significantly different. In Lin et al.’s (2015a) 
research, all the dimensions of conception of learning physics performed significantly different among the cluster 
participants. Their research separated the participants into three clusters: reproductive, transitional, and constructive. 

Turning to the physics learning self-efficacy, there was a significant difference among levels in terms of sci- 
ence content, higher-order thinking, everyday application, and science communication. In contrast, there was 
no significant difference among university students in different levels in terms of laboratory usage and scientific 
literacy. Student in senior level gained more experience and knowledge in physics. Therefore, their performed well 
in those dimensions were compared to others. In-line with Thomas (2013), students’ comprehensive understanding 
of scientific knowledge by using deep learning strategies learners may influence on attaining meaning and perform 
higher-order cognitive processing. Students who view physics learning as understanding may frequently achieve 
higher-order forms of learning and gain self-efficacy in their ability to use higher-order scientific approaches. 
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Considering the laboratory usage, there was no significant difference among university students at different 
levels. It can be understood that the prospective physics teachers can’t be separated from laboratory activities rang- 
ing from first year to fourth year based on the formal curriculum in Indonesia. The participants do believe that the 
activities like carrying out experimental procedures in the physics laboratory, setting-up equipment of laboratory 
experiments, and collecting data during the physics laboratory have the same pattern ranging from a basic experi- 
ment to advanced experiment. Then, the research also indicated that there were no differences among university 
students in different levels in terms of scientific literacy. The explanation can be proposed that the activities, such 
as interpreting, analyzing, and reporting data are the major goal of science education. Ozdem et al. (2010) argued 
that scientific literacy should be examined with a broader perspective, including the nature of science (NOS) and 
scientific concept knowledge (SCK) in the curriculum. Moreover, Holbrook & Rannikmae (2007) underlined the 
meaning of NOS to enhance scientific literacy. Therefore, the teaching approach for science education should be 
regarded as education through science, rather than science through education. This approach gives implication 
for the importance of the enhancement of multidimensional scientific literacy for science learning. 

The relationships among dimensions of conception of learning physics and physics learning self-efficacy 
were significantly positive for all dimensions. The intra-relationship among dimensions of CLP indicated that 
there was a significant correlation between dimension (calculating-practicing and understanding) as well as 
(calculating-practicing and testing). In contrast, it was indicated a negative correlation between understand- 
ing and calculating-practicing. Meanwhile, the intra-relationship among dimensions of PLSE showed that all of 
the dimensions have significant correlation with each other at a= .01. This situation in-line with Uzuntiryaki & 
Aydin (2008); Lin et al. (2015a); Lin et al. (2015b); and Suprapto & Chang (2015) who derived the dimension of 
physics learning self-efficacy. 

Furthermore, the relationships between the dimension of CLP and PLSE presented varying results. There was 
no relationship between the dimension of testing (part of CLP) and all other dimensions, except laboratory usage 
(LU) with coefficient of correlation -.15. The result confirmed to us that the importance of including the dimension 
as emphasized by Suprapto & Chang (2015) who underlined the importance for adding self-learning strategy and 
self-assessment belong to the dimension of self-efficacy due to testing and self-assessment are closely related. 
Moreover, there was a significant correlation between the dimension of CLP: understanding and all of dimensions 
of PLSE at a= .01. Nevertheless, for the dimension of calculating and practicing (CP) correlated with laboratory 
usage (LU) and everyday application (EA) at a= .01 as well as science communication (SCM) and scientific literacy 
(SL) at a= .05. Similarly, Uzuntiryaki & Aydin (2009) stated that correlational studies should be conducted to inves- 
tigate the relationship between self-efficacy beliefs and other variables such as self-regulatory skills in calculating 
and practicing. 


Conclusions and Implications 


The research was designed to explore the university students’ conception of learning physics and the univer- 
sity students’ physics learning self-efficacy. There was a moderate correlation among dimensions of conception 
of learning physics and physics learning’ self-efficacy. Based on their levels, students in the Sophomore level were 
significantly lower than the scores of the other levels on the conceptions of testing. There was a significant difference 
among levels in terms of science content, higher-order thinking, everyday application, and science communication. 
In contrast, there was no significant difference among university students in different levels in terms of laboratory 
usage and scientific literacy. In this context, university students as prospective teachers in senior-level performed 
higher confident in science content, everyday application, and science communication. However, students who 
studied more than four years in university indicated higher confidence in higher-order thinking and science com- 
munication than others. 

Finally, this research had some limitations and implications. Even though the questionnaires used in this 
research have been modified, but they still needed for further validation. From a research viewpoint, the CLP and 
PLSE can be used in several ways, for example, to predict students’ readiness for physics learning and to give any 
information about students’ capacity to become physics teachers. Researchers can investigate the relationship 
among students’ self-efficacy beliefs, learning motivation, self-regulatory skills, and academic achievement. The 
authors also think the possibility of reviewing the dimensions of understanding in CLP and science content in PLSE 
due to both of the two dimensions have similar constructs. The dimension of understanding assesses the university 
students’ confidence in their ability to use fundamental cognitive skills such as physics concepts, laws, or theories. 


IZ 


<P 


Journal of Baltic Science Education, Vol. 16, No. 1, 2017 


CONCEPTION OF LEARNING PHYSICS AND SELF-EFFICACY AMONG INDONESIAN UNIVERSITY ISSN 1648-3898 
STUDENTS 
(P. 7-19) 


On the other hand, the dimension of science content measures the university students’ conception that learning 
physics is to understand the comprehensive meaning of physics knowledge. 

In the present research, data are collected from university students on four levels taking physics class at a 
single point in time. Physics self-efficacy beliefs can also be studied longitudinally through their progress in the 
university in order to monitor changes in efficacy beliefs. The possible question for future research, (i.e. How do 
the developments of self-efficacy beliefs of university students change through the years?). In addition, the factors 
affecting the development of self-efficacy also can be explored. The PLSE also can be distributed as a pre-test and 
post-test in an experimental setting to compare different instructional methods. It is also important to consider 
the predictive ability of the sources of self-efficacy for different gender in physics. In this research, the majority 
of participants are female. It is important to compare and to explore the students’ conception of learning physics 
and their self-efficacy when either male > female or female > male. However, by reviewing the pros and cons of 
this research, the implications drawn contribute to the improvement of the physics teacher education program 
in Indonesia. 


Note 


Earlier version of this paper was presented at the 2015 International Conference of East-Asian Association for 
Science Education, October 16-18, 2015, at Beijing Normal University (BNU), Mainland China. 


Acknowledgements 


This research work was supported by Directorate of Higher Education, Ministry of Research, Technology, and 
Higher Education, Indonesia for funding: Dikti’s Scholarship. 


References 


Bandura, A. (1986). Social foundations of thought and action: A social cognitive theory. Englewood Cliffs, NJ: Prentice-Hall. 

Bandura, A. (1997). Self-efficacy: The exercise of control. New York: Freeman. 

Brace, N., Kemp, R., & Snelgar, R. (2006). SPSS for psychologists, 3"ed. New York: Palgrave MacMillan. 

Chang, T.-S., McKeachie, W., & Lin, Y.-G. (2010). Faculty perceptions of teaching support and teaching efficacy in Taiwan. Higher 
Education, 59 (2), 207-220. 

Chiou, G.-L., & Liang, J.-C. (2012). Exploring the structure of science self-efficacy: A model built on high school students’ concep- 
tions of learning and approaches to learning in science. The Asia-Pacific Education Researcher, 21 (1), 83-91. 

Creswell, J. W. (2012). Educational research: Planning, conducting, and evaluating quantitative and qualitative research (4'" Ed.). 
Boston, MA: Pearson. 

Crocker, L., & Algina, J. (1986). Introduction to classical and modern test theory. Florida: Rinehart and Winston Inc. 

Dart, B. C., Burnett, P. C., Purdie, N., Boulton-Lewis, G., Campbell, J., & Smith, D. (2000). Students’ conceptions of learning, the 
classroom environment, and approaches to learning. The Journal of Educational Research, 93 (4), 262-270. 

Holbrook, J., & Rannikmae, M. (2007). The nature of science education for enhancing scientific literacy. International Journal of 
Science Education, 29 (11), 1347-1362. 

Kim, E., & Pak, S.-J. (2002). Students do not overcome conceptual difficulties after solving 1000 traditional problems. American 
Journal of Physics, 70 (7), 759-765. 

Lee, M.-H., Johanson, R. E., & Tsai, C.-C. (2008). Exploring Taiwanese high school students’ conceptions of and approaches to 
learning science through a structural equation modeling analysis. Science Education, 92 (2), 191-220. 

Lin, T.-J, Liang, J.-C., & Tsai, C.-C. (2015a). Identifying Taiwanese university students’ physics learning profiles and their role in 
physics learning self-efficacy. Research in Science Education, 45 (4), 605-624. 

Lin, T.-C, Liang, J.-C, & Tsai, C.-C. (2015b). Conception of memorizing and understanding in learning, and self-efficacy held by 
university biology majors. International Journal of Science Education, 37 (3), 446-468. 

Liang, J.-C., & Tsai, C.-C. (2010). Relational analysis of college science-major students’ epistemological beliefs toward science and 
conceptions of learning science. International Journal of Science Education, 32 (17), 2273-2289. 

Lindstrom, C., & Sharma, M. D. (2011). Self-efficacy of first-year university physics students: Do gender and prior formal instruction 
in physics matter? International Journal of Innovation in Science and Mathematics Education, 19 (2), 1-19. 

Ozdem, Y., Cavas, P., Cavas, B., Cakiroglu, J., & Ertepinar, H. (2010). An investigation of elementary students’ scientific literacy levels. 
Journal of Baltic Science Education, 9 (1), 6-19. 

Pajares, F., & Schunk, D. H. (2001). Self-beliefs and school success: Self-efficacy, self-concept, and school achievement. In R. Riding 
& S. Rayner (Eds.), Perception (pp 239-266). London: Alex. 

Pepper, R. E., Chasteen, S. V., Pollock, S. J., & Perkins, K. K. (2012). Observations on student difficulties with mathematics in upper- 
division electricity and magnetism. Physical Review Special Topics-Physics Education Research, 8 (1),010111. 


18 


WSs 


Journal of Baltic Science Education, Vol. 16, No. 1, 2017 


ISSN 1648-3898 CONCEPTION OF LEARNING PHYSICS AND SELF-EFFICACY AMONG INDONESIAN UNIVERSITY 
STUDENTS 
(P. 7-19) 


Pintrich, P. R., & Schunk, D. H. (2002). Motivation in education: Theory, research, and applications. Merrill: Columbus. 

Sawtelle, V., Brewe, E., & Kramer, L. H. (2012). Exploring the relationship between self-efficacy and retention in introductory 
physics. Journal of Research in Science Teaching, 49 (9), 1096-1121. 

Stevens, J. (2002). Applied multivariate statistics for the social sciences. Mahwah, NJ: Erlbaum. 

Suprapto, N. (2016). Students’ attitudes towards STEM education: Voices from Indonesian junior high school. Journal of Turkish 
Science Education, 13 (Special Issue), 75-87. 

Suprapto, N., & Chang, T.-S. (2015). Research on university student's self-efficacy scale in science education: A systematic review. 
Proceeding of International Conference on Science and Science Education (IConSSE 2015) (pp 120-129), Faculty of Science 
and Mathematics, Satya Wacana Christian University, Indonesia. 

Suprapto, N., & Ku, C.-H. (2016). Investigating university students’ preferences to science communication skills: A case of prospec- 
tive science teacher in Indonesia. International Education Studies, 9 (8), 19-27. 

Thomas, G. P. (2013). Changing the metacognitive orientation of a classroom environment to stimulate metacognitive reflection 
regarding the nature of physics learning. International Journal of Science Education, 35 (7), 1183-1207. 

Tran, T. T. (2013). Is the learning approach of students from the Confucian heritage culture problematic? Educational Research 
for Policy and Practice, 12 (1), 57-65. 

Tsai, C.-C. (2004). Conceptions of learning science among high school students in Taiwan: A phenomenographic analysis. /nter- 
national Journal of Science Education, 26 (14), 1733-1750. 

Tsai, C.-C, Ho, H.N.J., Liang, J.-C, & Lin, H.-M. (2011). Scientific epistemic beliefs, conceptions of learning science, and self-efficacy 
of learning science among high school students. Learning and Instruction, 21 (6), 757-769. 

Uzuntiryaki, U., & Aydin, Y. ¢. (2009). Development and validation of chemistry self-efficacy scale for college students. Research 
in Science Education, 39 (5), 539-551. 

Zimmerman, B. J., Bonner, S., & Kovach, R. (2006). Developing self-regulated learner: Beyond achievement to self-efficacy. Washing- 
ton, DC: American Psychological Association. 

Zohar, A., & Barzilai, S. (2013). A review of research on metacognition in science education: Current and future directions. Studies 
in Science Education, 49 (2), 121-169. 


Received: July 15, 2016 Accepted: December 26, 2016 


Nadi Suprapto S.Pd., M.Pd., Lecturer, State University of Surabaya, JI. Ketintang 
(Corresponding author) Surabaya 60231, Indonesia. 
Ph.D Candidate, National Dong Hwa University, Taiwan. 
Email: nadisuprapto@unesa.ac.id 
Website: https://www.unesa.ac.id/ 


Te-Sheng Chang Ph.D, Professor, Graduate Institute of Education, National Dong 
Hwa University, No.1 Sec.2 Da Hsueh Road, Shoufeng, Hualien 


County, Taiwan 97401. 
E-mail: achang@mail.ndhu.edu.tw 
Website: http://www.ndhu.edu.tw/bin/home.php?Lang=en 


Chih-Hsiung Ku Ph.D, Associate Professor, Graduate Institute of Science Education, 
National Dong Hwa University, No.1 Sec.2 Da Hsueh Road, 
Shoufeng, Hualien County, Taiwan 97401. 
E-mail: chku@mail.ndhu.edu.tw 
Website: http://www.ndhu.edu.tw/bin/home.php?Lang=en 





19 


